Background
Self-reporting is thought to be the gold standard for pain assessment. Pain assessment and hence pain management can be a challenge when patients cannot verbally communicate. This includes preterm/term neonates, infants, children with general anaesthesia and those on intensive care units. Preterm and term infants demonstrate similar or even exaggerated physiological and hormonal responses to pain compared with those observed in older children and adults (Anand KJ & Hickey PR, 1987; Anand KJ, 1998) . Infants experiencing pain during the neonatal period seem to respond differently to subsequent painful events (Grunau RE et al, 1994; Grunau RE et al, 1998) . Preterm neonates are frequently exposed to multiple painful procedures after birth. Some of the painful procedures in preterm infants include heel prick blood sampling, peripheral venous blood sampling, peripheral intravenous cannulation, insertion of peripheral longlines and central lines such as umbilical arterial/venous catheterization, nasogastric/orogastric tube insertion and intubation/ventilation. Assessment of pain or stress in preterm infants admitted to the Neonatal Unit (NNU) is important but can be particularly challenging.
The inability to communicate verbally does not negate the possibility that an individual is experiencing pain. There is a substantial body of evidence to suggest that clinicians often have difficulty in assessing pain in non-verbal population. As a result, these patients often receive less effective pain treatment. Stallard et al, in their study of everyday occurrence of pain in non-communicating children, found that while pain in these children was more common than the normal population, verbally noncommunicating children were less likely to receive active pain management (Stallard P et al, 2002) . A number of visual, behavioural and physiological pain scales have been developed as an indirect measure of pain in tis vulnerable population. However, these are not always reliable especially in premature infants. Moreover, the mechanism for communicating pain or stressful situations through facial expressions is not well developed (Craig et al, 1993) Severe long lasting pain and severe acute stress response may be associated with increased morbidity and mortality in a vulnerable group such as neonates (Wessel DL, 1993; Scanlon JW, 1994) . Pain and stressful situations in premature infants induce an increase in heart rate, blood pressure and palmar sweating, a fall in oxygen saturation and an increase in intracranial pressure which may cause intraventricular haemorrhage (Pokela ML, 1994; Bellieni et al, 2003; Matthew PJ & Matthew JL, 2003; Kopenhaver HK et al, 2008) . On the other hand, an increase in heart rate and blood pressure and a fall in oxygen saturation may also follow pulmonary and cardiovascular diseases.
Even though, assessment of pain by the Skin Conductance Algesimeter (SCA) has been studied in artificially ventilated children (Gjerstad AC et al, 2008) , there is a dearth of published data on its use in artificially ventilated preterm infants. According to Pokela ML, tracheal suction and routine procedures in respiratory-distressed neonates results in prolonged hypoxemia compared to neonates subjected to the same procedures after receiving pain relief (Pokela ML, 1994) . The researchers believe that the SCA detects nociceptive pain fast and continuously, specific to the individual and with higher sensitivity/specificity than other available objective methods (Storm H, 2008) . However, there is paucity of data regarding its use in preterm infants which is limited by small sample size and assessment of its efficacy during the painful procedures such as heal prick blood sampling (Gladman G et al, 1990; Storm H, 2000) .
The changes observed by SCA reflect the sympathetic nervous system influenced by changes in emotions, which releases the acetylcholine that acts on muscarinic receptors. Emotional sweating is activated through skin sympathetic nerves from the cerebral cortex and is not influenced by environmental temperatures (Storm H, 2008) . Each time this part of the sympathetic nervous system is activated, palmar and plantar sweat glands are filled and a spontaneous wave of skin conductance occurs (Venable PH & Christies MJ, 1980) The number and amplitude of the waves increase with increased activity (Storm H, 2008) . The skin resistance is reduced and skin conductance increases before the sweat is reabsorbed which subsequently leads to decreased skin conductance again. This creates a skin conductance peak; the size of which depends on how forcefully the skin sympathetic nerve is firing. The skin conductance peak is specific for the stimulus and is evident within 1-2 seconds after stimulation. The skin sympathetic nerve releases acetylcholine that acts on muscarine receptors and is therefore not influenced by neuromuscular blockade, adrenergic receptor active agents, or changes in blood volume (Gjerstad AC, 2008 ).
Landrot IDR et al, in their study analysed and compared autonomic nervous system activity indices in a group of 30 premature infants and a reference group of 14 full-term age-matched newborn infants and noted that sympathetic and even more markedly, parasympathetic activities were very low in premature infants compared to the reference full-term group (Landrot IDR et al, 2007) . However, numerous published studies have concluded that foetal stress responses to invasive procedures are found from at least 23 weeks gestational age and by 24 weeks gestational age, all the neurological structures necessary for nociception are developed (Ginnakoulopoulos X, 1994; Anand KJ & Hickey PR, 1987) . Storm H in her study in preterm infants concluded that measurements of spontaneous skin conductance activity showed stress responses to heel stick from at least 29 weeks gestational age in healthy premature infants (Storm H, 2000) .
Exposure to prolonged or severe pain may increase neonatal morbidity (Anand KJ et al, 1999) . Taddio et al suggested that pain experienced early in life by term infants may exaggerate affective and behavioural responses during subsequent painful events (Taddio A et al, 1997) . Neonates who are exposed to numerous painful and noxious stimuli between postconceptual weeks 28 and 32 show different behavioural and physiological responses to pain compared with neonates of a similar postconceptual age who do not have such experiences (Johnston CC & Stevens BJ, 1996) . Surgical stress in neonates, demonstrated by increased levels of stress hormones, has also been associated with an increased incidence of postoperative complications and even deaths (Anand KJ, Medical Anand KJ & Hickey PR, 1987; Anand KJ & Hickey PR, 1992) . Other adverse consequences of insufficient pain therapy are hemodynamic instability, hypoxemia or increased intracranial pressure especially in premature infants (Bellieni CV et al, 2003) which could potentially result in severe intraventricular haemorrhage (Anand KJ et al, 1999) . Therefore, a more objective method of assessing pain or stressful situations which has the characteristics of being a fast-reacting, objective, sensitive, specific and continuous method to monitor pain in preterm infants is warranted in NNU setting.
Objective:
To evaluate the clinical usefulness of SCA as a reliable and valid measure of pain intensity and stress response in preterm infants.
Methods:

Subjects:
All babies born at < 35 weeks gestation and/or birth weight of < 1.8 kg (or < 2 kg if intrauterine growth retarded) are admitted to our NNU. In addition, newborn babies with various other problems including those requiring resuscitation at birth, fits, breathing/feeding difficulties etc are also admitted to the NNU. Majority (but not all) babies require one or more invasive and painful procedures like venepuncture, cannulation, nasogastric tube insertion, endotracheal suctioning, percutaneous long line insertion, insertion of central lines like umbilical arterial and umbilical venous catheterization, immunization, intra muscular or sub-cutaneous injection and heal prick blood sampling.
Inclusion criteria:
Parents of all preterm infants (< 37 weeks gestation) admitted to the NNU were invited to participate in the study. Only infants whose parents provided signed consent were included.
Exclusion criteria: Clinically unstable patients and patients with intraventricular haemorrhage (IVH).
Duration and sample size:
The study was conducted over a period of three years (January 2010 to December 2012).
We recorded 85 complete measurement sets during the study period (no more than 3 measurements per patient).
Sample size calculations were carried out on the basis of 'odds of grade X vs grade not-X'. The relevant formula for this is:
Where Z = 1.96 for 95% CI P = proportion and c = confidence interval required about the proportion.
For estimating 10% ± 10% of infants in grade X, a sample size of 35 subjects and a total of ~90 measurements provided a fair tolerance on proportions around 40% and very good tolerance on small proportions around 10%. Our sample size was fractionally smaller than the estimated target. 
Apparatus and software:
The SCA (Med-Storm Innovation AS, Norway) is a device that primarily measures changes in skin conductance in real time to assess pain in the patient. Skin conductance activity was measured by alternating current at 88Hz. An applied voltage of 50mV and a three electrode system were used. The three electrode system comprised of a measuring electrode, a counter The software program recorded and counted the number of waves per second, by defining the valleys and peaks, and calculated the mean of the amplitudes of the waves and the mean baseline in the study period for the spontaneous skin conductance activity. The amplitude of the wave was calculated from the bottom of the valley before the peak to the height of the peak. The slope was defined as the mean distance of the valley to the peak/time to reach the peak.
Procedure:
Testing was conducted on the NNU. When a clinical decision was made to undertake an invasive or potentially painful procedure in the recruited infants, a simultaneous physiological response using Faces, Legs, Activity, Cry and Consolability (FLACC) (Merkel SI, 1997; Malviya S, 2006) and behavioural measure using Premature Infant Pain Profile (PIPP) (Stevens B et al, 1996) was recorded by two researchers independently. This was coupled with concurrent measurement of skin conductance activity by the third researcher. All of these measurements were recorded for three minutes before, during and for three minutes after the procedure.
The SCA analyser software reports 4 standard measurements:
• Area(Huge): measures the total peak area compared with a baseline set by the first peak minimum. In addition, all data sets were examined as rolling time windows to identify the maximum number of peaks in a 15 second time window in each of the three procedure segments i.e. pre (before), pro (during) and post (after).
Statistical analysis
Data was analysed using Microsoft OfficeExcel. The means of the independent PIPP and FLACC measurements were calculated and the change in measurement pre-procedure to pro-procedure (Delta-prepro) and pro-procedure -postprocedure (Delta-propost) were calculated. For each of the SCA measurements, similar Delta measurements were calculated. Data was analysed to identify significance of measurement [i.e. did the variable provide any indication of pain and to identify correlation between SCA measurements and PIPP/FLACC scores.
Results:
PIPP & FLACC scores: descriptive statistics:
Tables 1a & b demonstrate that both PIPP and FLACC scores started low, increased during the procedure and decreased afterwards. The Deltas also clearly show scores increase and then decrease as the procedure starts and ends respectively. Tables 2a to 2e demonstrate that for all measurements there was an increase in score prepro and a decrease in score pro-post. However, the standard deviation for those variations was wider for some measurements than for others. 
Which data is discriminatory?
To evaluate whether the changes in scores was statistically significant, the Delta values for all measurement sets were compared by paired t-test. Table 4 shows that for Area (small), there was no significant correlation with PIPP/FLACC scores. On the other hand, for Peaks / sec there was a statistically significant correlation with PIPP/FLACC scores. This would appear to suggest that Peaks./ sec might be a useful marker. Figure 3 shows the relationship between FLACC and Peaks/sec, and Figure 4 shows the relationship between PIPP and Peaks/sec. It is clear from the graphs that although there is correlation between the variables, the change in peaks/sec is widely variable compared to the change in PIPP or FLACC, such that an average change in peaks/sec could correspond to any change in PIPP or FLACC. Thus although the data is mathematically correlated, at a clinical level the correlation is too imprecise to use the SCA to predict or measure behavioural responses to noxious stimuli in neonates. 
Correlation between PIPP/FLACC and SCA data
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Discussion:
A position statement by the American Academy of Pediatrics and the Canadian Paediatric Society recommends that in order to evaluate and reduce the stress and pain experienced by neonates, validated measures and assessment tools must be used consistently and the assessments should continue as long as the neonate requires treatment for stress or pain. They also endorse that health care professionals should use appropriate environmental, nonpharmacological (behavioural), and pharmacological interventions to prevent, reduce, or eliminate the stress and pain of neonates (Committee on Fetus and Newborn, 2000) .
To the best of our knowledge, the current study is the first to describe the use of SCA as a tool for pain assessment in preterm infants during painful procedures. Unlike Gladman's study where no babies less than 36 weeks had a change in their skin conductance after the heel prick, we observed that SCA, PIPP as well as FLACC scores increased during the painful procedures (Gladman,G & Chiswick ML, 1990) . Of the five possible data outputs from the SCA software, only two showed a significant procedure-related change but only one of these (Peaks/sec) showed a statistically significant correlation with PIPP/FLACC. However, despite this correlation there was insufficient discriminatory power for Peaks/sec to be a useful clinical marker.
Adequate pain control is crucial to the wellbeing of preterm neonates on the NNU. There is a growing concern that even constant exposure to ambient noise in NNU that often exceeds recommended levels puts preterm infants at high risk for adverse health effects (Elisha M, et al, 2011) . In their study, Anand and Hickey established decreased incidence of sepsis, metabolic acidosis, and disseminated intravascular coagulation with fewer postoperative deaths among critically ill neonates who received deep anaesthesia and postoperative analgesia with higher doses of opioids (Anand KJ & Hickey PR, 1992) . On the other hand, tolerance, physical dependence, and withdrawal abstinence can potentially ensue after prolonged administration of drugs used for sedation and analgesia in paediatric intensive care population (Tobias JD, 2000) . Hence, it is vital to find the right balance between suitable pain control without discomfort and excessive use of sedative and analgesic drugs.
One of the limitations of SCA is the possible movement artefacts when using this kind of equipment in awake babies. The other limitation of SCA when assessing pain is that SCA reflects palmar sweat gland filling and hence ultimately sympathetic tone. Therefore, all the factors that influence sympathetic tone may, in theory, alter the data captured by SCA henceforth its parameters to painful stimuli. Moreover, there is currently no reliable, validated and standardised tool for the assessment of acute pain in preterm infants on NNU. PIPP and FLACC used in our study and various other scoring systems used in previous trials are highly observer-dependent. Therefore, all the scoring systems/tool developed so far lack clearly specified sensitivities/specificities in the description of pain states as the subjectivity of pain does not allow comparison with absolute values for pain. This becomes even more complicated in the context of preterm infants on the NNU.
In their study, Strehle E-M and Gray found a weak correlation between self-reported pain scores and the rate of fluctuations in skin conductance for females but not for males and SCA was not found to be of significant benefit to patients in minor injuries unit (Strehle E-M & Gray WK, 2013) . Even though Hullett et al determined that SCA accurately predicted the absence of moderate to severe pain in postoperative paediatric patients, the authors question the applicability of this methodology in the clinical setting (Hullett B et al, 2009 
